We analyse the poorly-studied open cluster King 1 in the second Galactic quadrant. From wide-field photometry we have studied the spatial distribution of this cluster. We determined that the centre of King 1 is located at α 2000 = 00 h 22 m and δ 2000 = +64 • 23 ′ . By parameterizing the stellar density with a King profile we have obtained a central density of ρ 0 = 6.5±0.2 star arcmin −2 and a core radius of r core = 1. ′ 9±0. ′ 2. By comparing the observed color-magnitude diagram of King 1 with those of similar open clusters and with different sets of isochrones, we have estimated an age of 2.8 ± 0.3 Gyr, a distance modulus of (m − M) o = 10.6 ± 0.1 mag, and a reddening of E(B − V) = 0.80 ± 0.05 mag. To complete our analysis we acquired medium resolution spectra for 189 stars in the area of King 1. From their derived radial velocities we determined an average velocity V r =-53.1±3.1 km s −1 . From the strength of the infrared Ca ii lines in red giants we have determined an average metallicity of [M/H] =+0.07±0.08 dex. From spectral synthesis we have also estimated an α-elements abundance of [α/M] =-0.10±0.08 dex.
INTRODUCTION
King 1 is a poorly studied old open cluster located in the second Galactic quadrant in the direction of the Galactic anticentre at a Galactocentric distance of R gc ∼9.6 kpc and almost in the Galactic plane with a vertical distance of z ∼0.06 kpc (e.g. Dias et al. 2002) . Moreover, it is located near the Perseus spiral arm. This cluster was discovered by King (1949) during the examination of long-exposure photographs acquired with the 16-inch Metcalf refractor telescope located at the Oak Ridge Observatory (USA). To our knowledge, the first study of this cluster was performed by Lata, Mohan, & Sagar (2004) , who acquired CCD photometry in Johnson UBV Cousins RI systems in the line of sight of King 1. The obtained color-magnitude diagram shows a broad main sequence with a clearly visible red clump. They derived a radius of 4 ′ from its stellar surface density. They obtained an age of 1.6 ± 0.4 Gyr, a distance modulus of (m − M) o = 11.38 mag, and a reddening of E(B − V) = 0.70 ± 0.05 mag, from isochrone fitting assuming † E-mail: rcarrera@iac.es solar metallicity. Using the same technique and BV widefield photometry, Maciejewski & Niedzielski (2007) obtained an age of ∼4 Gyr, a distance modulus of (m− M) o = 10.17 +0.32 −0.51 mag, and a reddening of E(B − V) = 0.76 ± 0.09 mag, also assuming solar metallicity. They determined a limiting radius of r lim =12. ′ 3, defined as the radius where the cluster outskirts merge with the stellar background. In the same way, they derived a core radius of r core =2. ′ 1±0. ′ 1 defined as the distance between the centre and the point where the radial density profile becomes half of the central density. Shortly after, Hasegawa, Sakamoto, & Malasan (2008) derived an age of 2.8 Gyr, a distance modulus of (m− M) o = 11.57 and a reddening of E(B − V) = 0.62 mag, when assuming solar metallicity from VI photometry. Although Lata, Mohan, & Sagar (2004) obtained an age more than 1 Gyr younger than that derived by Hasegawa, Sakamoto, & Malasan (2008) , the distance modulus and reddeding derived by these authors agree within the uncertainties. However, the distance modulus and age derived by Maciejewski & Niedzielski (2007) are not compatible with those obtained by the other two studies.
To our knowledge, the first spectroscopic study in the area of King 1 was performed by Carrera et al. (2015) . They obtained medium resolution spectra, with a resolution power of ∼8,500, in the near infrared Ca ii triplet region, ∼8,500Å, for ten stars selected in the region traditionally assigned to the red clump in the color-magnitude diagram of King 1. However, while other clusters studied by these authors outline a peaked distribution, King 1 did not show a clear peak in the radial velocity distribution.
The lack of agreement between the different photometric works that have studied King 1 and the fact that a clear peak in the radial velocity distribution was not found motivated us to perform a more detailed study of this cluster, which is presented in this paper.
The paper is organized as follows. The observational material is described in Section 2. The determination of the centre of the cluster and its radial density profile are discussed in Section 3. The color-magnitude diagram of King 1 is presented in Section 4 where the age, distance modulus and reddening are estimated by comparing with similar clusters. In Section 5 the radial velocity determination is explained, and the obtained velocity distribution is discussed. The determinations of metallicity by comparison observed spectra with a grid of synthetic spectra and from the strength of the infrared Ca ii lines for giants are presented in Section 6. Finally, the obtained results are discussed in Section 7 in the context of the trends described by open clusters in the Galactic disc and the main conclusions of this work are given in Section 8.
OBSERVATIONAL MATERIAL AND DATA REDUCTION

Imaging
Wide-field imaging of King 1 field was obtained in Johnson BV and Sloan i filters with the Wide Field Camera (WFC) installed at the prime focus of the 2.5 m Isaac Newton Telescope (INT) at the Roque de los Muchachos Observatory (La Palma, Spain) . This instrument provides a total field of view of 34. ′ 2 × 34. ′ 2 (see Fig. 1 ). The observations were performed the nights of September 24 and 26, 2011 and August 14, 2015 . A total of 4×300 sec, 4×600 s, and 4×900 s were obtained in B, V, and i bandpasses, respectively, together with 3×30 s in each filter. Several standard fields and other open clusters were also observed these nights. Bias subtraction, flat-field correction and removal of fringing in the i band were performed using custom-made tasks developed by one of us (P.B. Stenson). The complete photometric catalogue is available at the extensive photometric database maintained by one of us (P.B. Steson, see Stetson 2000) 1 . The photometric reduction was performed using DAOPHOT /ALLFRAME in the same way that other fields included in this data base (Stetson 1987 (Stetson , 1994 . The point spread function (PSF) was modeled for each individual image, sampling the whole area of each chip with a large number of stars.
After the ALLFRAME run, the resulting magnitudes were aperture-corrected using DAOGROW (see Stetson 1990 , for details). These magnitudes were transformed to 1 http://www.cadc-ccda.hia-iha.nrccnrc.gc.ca/en/community/STETSON/homogeneous/ the standard system following the procedure described in Stetson (2000) . Basically, the instrumental magnitudes have been transformed to the standard system using nightly equations that include linear and quadratic color terms as well as linear extinction terms. Mean color coefficients have been determined and applied for all the nights of each observing run. Extinction coefficients and photometric zero points are determined on a night-by-night basis. Each transformation equation also includes linear terms in the x-and y-coordinates of the stellar image in the natural reference system of the CCD. These correct any zero-point gradients which are probably due to uneven illumination of the detector during the flat-field exposures; these zero-point gradients typically amount to ∼0.01-0.03 mag from one edge of the chip to the other, and are determined individually for each filter on each night. Since several hundred to several thousand standard stars are observed each night, all the transformation coefficients are well defined. After the transformation equations for all nights have been determined, all the observations for each star are collected and transformed to the best possible magnitudes using a simultaneous leastsquares optimization involving all available data for the star. Although we used the Sloan i filter, we transformed the magnitudes to the widely used Cousins I bandpass. Previous experience shows that Sloan i filter can be transformed to Cousins I magnitudes without adding additional uncertainty. In fact, in the case of King 1 observations, the median nightly root-mean-square residual of one observation of one star after transformation to Cousins I system is 0.012 mag. This number includes both random photometric uncertainty and any systematic differences between the Cousins I and Sloan i photometric systems. The corresponding numbers for the uncertainties in the B and V magnitudes are 0.016 mag and 0.010 mag, respectively. The final uncertainties for each filter as a function of V magnitudes are shown in Fig. 2 . Stars in the final list have been selected by rejecting those objects with σ B >0.08, σ V >0.04, and σ I >0.04 to remove objects with large uncertainties, but also applying a cutoff in the value of CHI >1.3 and SH ARP <-0.16 and SH ARP >0.20. SH ARP and CHI magnitudes are provided by ALLFRAME. SH ARP is the difference between the width of the observed object and that of the PSF model. Therefore, it provides information about the object flattening. CHI provides information about the quality of the PSF fit.
The derived color-magnitude diagrams are shown in Fig. 3 . A clear sequence is not observed in any of them and the diagrams appear dominated by foreground contamination. However, it is clear a clump of stars at 14< V <14.5 and 1.6< (B − V) <2.0 that may be related to the red clump of King 1. We postpone a detailed discussion of the derived color-magnitude diagrams to the forthcoming sections.
Medium-resolution Spectroscopy
The color-magnitude diagram derived above has been used to select the targets for spectroscopic observations by defining two regions for the expected positions of the red clump and main sequence turn-off (left panel of Fig. 4) . The observations were carried out the night of November 14, 2014 with AutoFib2+WYFFOS (AF2) multi-object spectrograph installed at the primary focus of the 4.2m William Herschel Telescope (WHT) at Roque de los Muchachos Observatory (La Palma, Spain). It provides a field of view of about 50 ′ of diameter. Since the area covered by AF2 is slightly larger than that covered by the WFC used to obtain the photometry (see Fig. 1 ), we extended the list of potential targets using the Two Micron All-Sky Survey (2MASS; Skrutskie et al. 2006) by selecting stars in the same locations that those candidates selected previously in the V − I vs V color-magnitude diagram (right panel of Fig. 4) . We used the R1200R grating centered at 8,500Å, and the RG630 orderblocking filter. The RED+4 detector with 2×2 binning yielding a dispersion of 0.8Å pix −1 and a spectral resolution of R∼8,000. Two different fiber configurations were observed in the King 1 field of view obtaining spectra for a total of 189 stars listed in Table 1 . For each configuration we acquired three expositions of 900 sec each.
Data reduction was performed using standard IRAF 2 routines. First, cosmic rays were removed from the images using the IRAF Laplacian edge-detection routine (van Dokkum 2001) . All images were then bias-and overscan-subtracted, and trimmed using ccdproc. The spectra were extracted, flat-field corrected, and calibrated in wavelength using dofibers, a task developed specifically to reduce data acquired with multi-fiber spectrographs. The lamp flats acquired at the beginning of each set-up were used to define and trace each aperture. Arcs, obtained before and after each configuration, were used for wavelength calibration.
An updated version of the procedure described in Carrera et al. (2008) and Carrera et al. (2011) was followed for sky subtraction. For each fiber in each individual exposure the nearest ten fibers placed on the sky were identified and combined to obtain a sky spectrum. By selecting only the nearest sky fibers, sky subtraction is improved in the sense that the residuals of sky lines are minimized. The resulting sky spectrum and the object spectrum for each fiber are separated into two components: continuum and line. To obtain the continuum of both sky and object lines we used a nonlinear median filter with 3-sigma clipping. The line spectrum is obtained by subtracting the continuum. The sky-line component is cross-correlated with the object-line one to put both in the same wavelength scale. This also provides an additional check of the wavelength calibration. The obtained offsets are very small, typically ∼0.01 pixels. After updating the wavelength calibration, the sky-and objectline components are compared to search for the scale factor that minimizes the sky line residuals over the whole spectral region. In practice, this optimum scaling factor is the value that minimizes the sum of the absolute differences between the object-line and the sky-line multiplied by the scale factor, known as L1 norm. The object-continuum component is wavelength updated and added back to the skysubtracted object-line spectrum. Finally, the sky continuum is subtracted assuming that the scale factor is the same as for the sky-line component.
CENTRE DETERMINATION AND RADIAL DENSITY PROFILES
We have calculated the cluster centre in BV I and 2MASS catalogs independently by determining the maximum stellar density. Owing to the large foreground contamination in the line of sight of King 1, we have restricted our analysis to stars located in the expected positions of the cluster turn-off (see Fig. 4 ). By restricting our analysis to these areas we improved the completeness of our sample. The faintest magnitude used in our BV I catalog, V=15.5, is about 7 magnitudes brighter than the magnitude limit of the sample V ∼22.5 mag. For 2MASS we used only stars brighter than K s =14, which correspond to 99 % completeness of 2MASS sample (Skrutskie et al. 2006) . A first estimation of the centre of the cluster was obtained by fitting Gaussians to the histograms in right ascension, α, and declination, δ. We, then, constrain our analysis to objects located in a box of ±15 ′ around the first centre estimate in both right ascension and declination. The histograms obtained for this sub-sample using a bin of 1 ′ for BV I and 2MASS are shown in the top and bottom panels of The radial density profile has also been computed in BV I and 2MASS samples separately. Assuming the cluster centre determined above we have calculated the mean stellar surface density in concentric rings of 1 ′ wide given by:
where N i is the number of stars in the i − th ring with inner and outer radius R i and R i+1 , respectively. The density uncertainty in each ring was estimated assuming Poisson statistics. Since the BV I sample does not have a complete spatial coverage (see Fig. 1 ), we applied a scale factor that accounts for the ratio between the area covered and the total area of each ring. The obtained radial density profile for the BV I and 2MASS samples are shown in Fig. 6 in grey and black, respectively. The stellar surface density profiles obtained have been characterized by fitting a King profile model (King 1966) :
where ρ bg is the background density, ρ 0 is the central density, and r core is the core radius, defined as the distance between the centre and the point where ρ(r) = ρ 0 2 . We obtained a background density of ρ bg = 0.54 ± 0.04 and 0.64 ± 0.02 stars arcmin −2 for BV I and 2MASS, respectively. The derived central densities are ρ 0 = 6.4 ± 1.1 and 6.7 ± 1.4 star arcmin −2 and the core radii are r core = 2. ′ 1 ± 0. ′ 3 and 1. ′ 8 ± 0. ′ 3 for BV I and 2MASS, respectively. In all the cases the values obtained for the BV I and 2MASS samples agree within the uncertainties. By averaging the results obtained in each bandpass we obtain a central density of ρ 0 = 6.5 ± 0.2 star arcmin −2 and a core radius of r core = 1. ′ 9 ± 0. ′ 2. These values are also similar, within the uncertainties, to those derived by Maciejewski & Niedzielski (2007) . However, the background density derived by these authors, ρ bg = 1.76 ± 0.05 stars arcmin −2 , is much larger than the obtained here. This can be explained by the fact that we have restricted our analysis to a region dominated by the King 1 population with low background contamination.
KING 1 COLOR-MAGNITUDE DIAGRAM
The obtained color-magnitude diagrams in the line of sight of King 1 are shown in Fig. 3 , and appear dominated by foreground contamination. The color-magnitude diagrams of observed stars at different radii from the King 1 centre determined in previous section are plotted in Fig. 7 . The King 1 sequence is clearly observed within the core radius (bottom panels of Fig. 7 ). The sequence is still visible until a radius of 7 ′ , where the density has fallen to 20% of the central value. Between 7 ′ and 10. ′ 5 the color-magnitude diagram is dominated by foreground contamination, although several stars are still observed in the position of the King 1 red clump. At a distance of 24 ′ there are no sings of King 1 stars.
Before analyzing in detail the obtained color-magnitude diagram we have corrected for differential reddening. To do that we have applied the procedure described in detail by Milone et al. (2012) to the stars in the inner 2. ′ 5. Firstly, a photometric reference frame where the abscissa is parallel to the reddening line is defined. In this frame, we derived the fiducial main sequence ridge line. For each star, we selected the 25 nearest neighbors and evaluated the color distance from the main sequence ridge line for each of them. Derived offsets are applying in both color and magnitude to correct for local differential reddening. We do that only for stars in the main sequence. The obtained reddening map for the central 3. ′ 5 of King 1 is shown in Fig. 8 .
The color-magnitude diagrams corrected for differential reddening are shown in Fig. 9 . From them we have derived the fiducial sequence of King 1. The range covered by the main sequence in magnitude was splitted in bins of 0.25 mag. In each bin the mean color was obtained using a sigmaclipping rejection and applying cuts in color to avoid background contamination. In the same way, the main sequence turn-off region was divided in bins of 0.1 mag. Again, the mean magnitude was obtained applying a sigma-clipping rejection. Finally, the location of the red clump was obtained by averaging the color and magnitude of stars in the red clump area. We have not tried to obtain a fiducial sequence for the red giant branch because it is not clearly observed in the color-magnitude diagram.
The age, distance modulus and reddening are traditionally derived by over-imposing isochrones to the ob- Spada et al. 2017) . In all the cases we assumed a solar metallicity (see Section 6). For BaSTI we used the canonical solar-scaled isochrones with Y=0.273 and η=0.2. In the case of PARSEC the webtool 3 was used to derive isochrones with Z= 0.0152. Note that this is the solar metallicity for PARSEC isochrones. Ahumada et al. (2013) . These authors showed that the difference between the observed and predicted color position of the red clump is larger for clusters with metallicity above solar. These authors attributed this discrepancy to the inability of past and present atmosphere models to reproduce real colours at high metallicity (i. e. low temperature).
Complementary, we have compared the King 1 colormagnitude diagrams with those of other well studied open clusters in the literature. For this purpose we have chosen five open clusters with ages in the range of that expected for King 1 and also included in the Stetson's photometry data base (Stetson 2000) . These clusters are NGC 2158, NGC 2420, NGC 2682, NGC 6819, and NGC 7789. Their properties are summarized in Table 3 . The fiducial sequences of these clusters have been obtained following the same procedure than in the case of King 1. In some of them the sequence parallel to the main sequence defined by binaries is clearly observed. Although our method is able to separate the main-and binary-sequences in order to compute the fiducial sequence we have tried to avoid any bias caused by the presence of binaries. The fiducial red giant branch sequences have been obtained following a similar procedure than in the case of the main sequence but using bins of 1 mag. Their color-magnitude diagrams and the derived fiducial sequences are shown in Fig. 11 .
The fiducial sequences of the comparison clusters have been over-plotted in the color-magnitude diagram of King 1 in Fig. 12 using the distance modulus and reddening listed in Table 3 . We have tried to constrain at the same time the distance modulus, reddening and age of King 1 by matching at the same time the main sequence and the red clump positions. The best solution is shown in Fig. 12 . Using a distance modulus of (m − M) o =10.6 mag and a reddening of E(B − V)=0.80 mag we are able to locate the King 1 red clump in the same position that the comparison clusters. The main sequence of King 1 follows a similar trend than those of NGC 2682 and NGC 6819. This implies that the three systems may have a similar metallicity. Though the turn-off is not well delimited, as commented before, it seems that it lies in between those of NGC 2682 and NGC 6819. Therefore, we assigned an age of 3 Gyr to King 1 with an uncertainty of 1 Gyr. For distance modulus and reddening we assumed uncertainties of 0.1 and 0.05 mag, respectively. References: Our age estimation and the comparison shown in Fig. 12 will not change significantly if these quantities varied within these ranges. Outside them the match gets worse. . All these values have been derived by comparing the observed color-magnitude diagrams with isochrones.
RADIAL VELOCITY DISTRIBUTION
The radial velocities of the stars observed with AF2 (Section 2.2) were calculated using the classical crosscorrelation method (e.g. Tonry & Davis 1979) by comparing the observed spectra with a grid of synthetic spectra of different features (Allende Prieto 2007). In our case, the grid of synthetic spectra has been computed with ASSεT ( Table 4 . The abundances of other elements were fixed to the Solar values (Asplund, Grevesse, & Sauval 2005) . In total, this grid contains 136,125 synthetic spectra.
In brief, radial velocities are determined using the Table 4 . Range of each dimension in the synthetic grid used to the radial velocity determination.
Dimension First Last
Step
0.0 5 0.5 Figure  13 . Normalized observed spectrum of star 2M00214423+6425160 (black), the best fit (red) and the residuals of the fit (grey).
following procedure. (i) Each object spectrum is crosscorrelated with a reference synthetic spectrum to obtain an initial shift. In this case we selected one with the Arcturus parameters: [M/H]=-0.5 dex; [α/H]=+0.0 dex; ξ=1.5 km s −1 ; T eff =4,500 k; and log g=2.0 dex. (ii) After applying this initial shift, the observed spectrum is compared with the whole grid in order to identify the model parameters that best reproduces it through a χ 2 minimization using FER RE 4 (Allende Prieto et al. 2006 ). An example of the obtained fits is shown in Fig. 13. ( iii) The best fit synthetic 4 Available at https://github.com/callendeprieto/ferre spectrum is cross-correlated again with the observed spectrum in order to refine the shift between both. Of course, Arcturus is not the ideal template for main sequence stars. However, after the first initial determination of the shift with Arcturus, our procedure converges by itself to appropriate templates for these objects. Therefore, the final radial velocities for these objects are derived using the best templates for them. The heliocentric radial velocities derived for each star are listed in last column of Table 1 . The distribution of the uncertainties of the derived radial velocities obtained from the width of the correlation peak is shown in Fig. 14 .
The velocity distribution of the observed stars is shown as black histogram in top panel of Fig. 15 . This distribution may be affected by differential gravitational red-shifts and convective blue-shifts, since we are combining stars on the upper main sequence and on the red giant branch. The expected impact of these corrections on the derived radial velocities is under 1 km s −1 (see, e. g. Allende Prieto et al. 2002; Pasquini et al. 2011 ). This value is a third of our typical uncertainties, and therefore we have made no attempt to correct it.
To better understand the obtained velocity distribution we have compared it with a model prediction. Using the Besançon Galaxy Model 5 (Robin et al. 2003) we have computed a model of the expected stellar population at the position of King 1. We considered observational errors in magnitudes using similar uncertainties to those discussed in Sect 2.1 for the photometry . For the radial velocities we assumed a typical uncertainty of 3 km s −1 , similar to that for our sample (see Fig. 14) . We restricted our comparison to stars located in the same regions of the color-magnitude diagram as those observed here. The obtained velocity distribution has been over-plotted in the top panel of Fig. 15 as shadow grey histogram. It has been scaled to the number of the observed stars. Except for the peak between -60 and -50 km s −1 both distributions match reasonable well. We have fitted a Gaussian to the model velocity distribution (long dashed grey line) obtaining a mean value of -35.7±0.4 km s −1 with a dispersion of 25.0±0.4 km s −1 .
As commented before, Carrera et al. (2015) derived radial velocities for ten stars in the line of sight of King 1. The obtained velocity distribution did not show a clear peak in contrast to the sample for other clusters studied in the same paper. From these stars they derived an average velocity of V r = −38.4 km s −1 with a dispersion of ±11.6 km s −1 although the authors state that they cannot confirm that they detected real King 1 members. Since this value is quite similar to the one derived by Carrera et al. (2015) this could imply that their sample was dominated by field contamination. Our AF2 sample has five stars in common with the Carrera et al. (2015) . On average, the radial velocities derived here are 15 km s −1 larger than those derived by Carrera et al. (2015) . A problem with the wavelength calibration of the King 1 spectra analysed by Carrera et al. (2015) may explain this discrepancy.
To confirm that the peak between -60 and -50 km s −1 may correspond to King 1 stars, we have plotted in the bottom panel of Fig. 15 the radial velocity distribution of stars located in the inner 13 ′ , where the density has fallen to about a 10% of the central one. In this case, the peak is very prominent with only a few stars outside it. We have fitted a Gaussian to this peak, dashed black line. We obtained an average velocity of -53.1±0.2 km s −1 with a dispersion of 3.1±0.2 km s −1 .
METALLICITY DETERMINATION
We determine metallicities by two methods. The comparison between the observed spectra and the grid of synthetic spectra performed in the determination of radial velocities provides additional information about the chemical composition of the observed stars. In order to constrain the metallicity of King 1 we have restricted our analysis to those stars within the innermost 13 ′ and with radial velocities within ±2×3.1 km s −1 around the cluster average of -53.1 km s −1 . A total of 28 objects, 11 giant and 17 main sequence stars, meet these criteria. Moreover, we excluded of the analysis 9 main sequence stars with signal-to-noise ratios lower than 20 for which FER RE does not provide reliable fits for the whole spectral range. The [M/H] f it and [α/M] f it distributions for the remaining 19 objects are shown in the left and right panels of Fig. 16 , respectively. These values are listed in Table 6 . Both distributions show clear peaks. We have computed the weighted mean of each of them obtaining [M/H] f it =-0.06 dex with σ=0.05 dex with an average uncertainty of ±0.20 dex obtained as the median of the individual uncertainties for each star. For the α-elements abundance we obtained [α/M] =-0.22 dex and σ=0.08 dex with an average uncertainty of ±0.25 dex.
It is necessary to check if these results are affected by zero points due to systemic errors. For this purpose we have analysed two well know stars: Arcturus and µ Leo. Since these stars have not been observed with AF2, we have smoothed the high-resolution high signal-to-noise spectra obtained with HERMES at the Mercator telescope (La Palma, Spain) in the framework of the Open Clusters Chem- ical Abundance from Spanish Observatories project (OC-CASO; Casamiquela et al. 2016) to match the AF2 resolution. Moreover, we have degraded the signal-to-noise ratio of these spectra to ∼20 to match those of the spectra used in this work. Obtained values applying the same procedure than in the case of King 1 are listed in Table 5 Additionally, the strength of the infrared Ca ii triplet lines provides an alternative method to determine metallicities in red giants using the relations available in the literature (e.g. Carrera et al. 2013) . We have determined the strength of these lines in the 11 giants that meet the criteria described above using the procedure described by Carrera et al. (2007) . In brief, the equivalent width of each line is determined as the area between the line profile and the continuum. The line profile is determined by fitting a Gaussian plus a Lorentzian, which provides the best fit to the line core and wings. Although the spectrum was previously normalized, the continuum level is recalculated by performing a linear fit to the mean values of several continuum bandpasses defined for this purpose. The bandpasses used to fit the line profile and to determine the continuum position are those described by Cenarro et al. (2001) . The equivalent widths of each line and their uncertainties, which were determined for each star, are listed in Table 6 . Finally, the Calcium triplet index, denoted ΣCa, was obtained as the sum of the equivalent widths of the three lines.
The strength of the Ca ii triplet lines depends not only on the chemical composition but also on the temperature and gravity of the star. This dependence can be removed because stars of the same chemical composition define a clear sequence in the luminosity-ΣCa plane when the temperature and/or gravity change. In our case we have used as luminosity indicator the absolute magnitude in V, I, and K S , denoted M V , M I , and M K s , respectively. The absolute magnitudes of each star were obtained using the extinction coefficients listed in Table 6 from Schlegel, Finkbeiner, & Davis (1998) and using the distance modulus and reddening derived in Section 4.
The metallicities have been obtained using the relations derived by Carrera et al. (2013) which are valid for wide ranges in age and metallicity. The obtained values are listed in Table 6 . The metallicity distribution in each bandpass is shown in Fig. 17 . As before, we have fitted Gaussians to determine the average metallicity in each of them. The obtained values are listed in Table 7 . The column σ ind represents the average uncertainty in the determination of individual metallicities for each star and bandpass. Finally, Figure 17 . Distribution of the metallicities derived from the strength of Ca ii of red giant stars located in the innermost 13 ′ and with radial velocities in the range −53.1 ± 2 × 3.1 km s −1 .
the average values of the three bandpasses obtained as the weighted mean are listed in the last row.
Our sample of giants in King 1 includes stars in both red clump and red giant branch. However, the relations used to derive the stellar metallicities were obtained only for red giant branch stars. Carrera et al. (2015) demonstrated that the maximum difference in ΣCa between red clump and red giant branch stars is ∼0.16Å. This implies that the metallicity of a red clump star derived with the red giant branch relationships may be over-estimated by a maximum of ∼0.07 dex, independent of the luminosity indicator used. Although systematic, this value is lower than the uncertainties of the relationships used and lower than the standard deviation of the metallicity determination. There is no calibration for Ca ii lines for main sequence stars that can be used to determine metallicities for these objects.
The metallicities derived by fitting the whole spectrum with synthetic spectra for both giants and main sequence stars are in general lower than those obtained from the strengths of the three Ca ii lines. However, they are still within the uncertainties taken into account that the first method has an average uncertainty of 0.20 dex. Anyway, since the determination of metallicities from the infrared Ca ii lines have been more widely tested we consider this result, [M/H]=+0.07±0.08 dex, as our metallicity determination for King 1. This is the value used in the following Section.
KING 1 IN THE GALACTIC DISC CONTEXT
It is helpful to discuss the behavior of King 1 in comparison with the bulk of open clusters. To do this comparison we used the compilation of clusters obtained by Netopil et al. (2016) . Briefly, this sample includes high [Fe/H] abundances available in the literature from high-resolution spectroscopy. We refer the reader to that paper for more details. We compare [Fe/H] abundances derived from iron lines with overall metallicities, [M/H], derived from a calibration of calcium lines. Owing to the way that the values derived from the infrared lines of the Ca ii we consider that both are in the same scale. In Fig. 18 we have plotted the run of metallicities with Galactocentric distance, R GC , age, and vertical distance to the Galactic plane, |z|, for this sample in the top, middle, and bottom panels, respectively. As a reference, we have over-plotted in the top panel the linear fit to the whole sample. We show as well the effect of a change in the slope at R GC ∼12.5 kpc. King 1 is represented by the black point in each panel using the values derived here.
In general, King 1 closely follows the trends observed in the Galactic disc. With an age of 2.8 Gyr King 1 is older than the bulk of open clusters. The obtained metallicity for King 1 is slightly high for a cluster located at the Galactocentric distance of King 1, but still within the uncertainties. This may suggest that King 1 has been formed in an inner radius and it has migrated to its current location. For instance, clusters with the same metallicity than King 1 are found at R GC ∼6.5 kpc (e.g. Jacobson et al. 2016) . As other open clusters older than 2 Gyr within R GC <10 kpc King 1 is more metal-rich than those clusters with older ages located in the outer disc. Finally, King 1 is located almost in the Galactic plane. It shares a similar metallicity with other systems located at low vertical distances.
In our analysis we have also estimated the [α/M] ratio. The obtained of [α/M] =-0.10 dex is within the uncertainties, typically 0.25 dex, consistent with the bulk of open clusters with solar metallicities (e.g. Frinchaboy et al. 2013) .
Regarding kinematics, we complement our radial velocities with proper motions available in the literature. From the 189 stars in common with the recent Hot Stuff for One Year (HSOY) catalogue (Altmann et al. 2017) , based on PPMXL (Roeser, Demleitner, & Schilbach 2010) and Gaia DR1. We have 76 stars with radial velocities compatible with being members of King 1. The mean proper motion with 1-sigma clipping from the central 13 ′ , the results is µ α cos δ =-2.3±2.1 mas yr −1 and µ δ =-3.9±2.2 mas yr −1 from 32 stars. The mean radial velocity derived in Section 5 yields to radial velocities with respect to the galactic standard of rest (GSR) and the regional standard of rest (RSR) of 178.3 ± 11.6 and −4.5 ± 11.8 km s 1 , respectively. The values have been computed as in Casamiquela et al. (2016) . In comparison with the clusters studied in that paper, the values of King 1 are in good agreement with those of NGC 7789, in spite of the different ages. The U s , V s and W s components are 55.84± 19.33, 9.09 ± 14.86 and 23.96 ± 10.76 km s 1 , respectively. These components are different from the ones of other clusters in Perseus arm and also different from the mean values for the High Mass Stars Forming Regions in the arm as studied by Reid et al. (2014) . No definitive conclusions can be extracted until the accuracy of the proper motions is improved.
CONCLUSIONS
We have analysed wide field photometry and medium resolution spectroscopy for 189 giants and main sequence stars in the area of the second quadrant open cluster King 1. Our main results can be summarized as follows:
• We determined that the centre of the cluster is located at α 2000 = 00 h 22 m and δ 2000 = +64 • 23 ′ with an uncertainty of ∼1 ′ .
• From the stellar density profile of King 1 we determined a central density of ρ 0 = 6.5 ± 0.2 star arcmin −2 and a core radius of r core = 1. ′ 9 ± 0. ′ 2.
• By comparing the observed color-magnitude diagram with those of other well known open clusters and with isochrones we have estimated an age of 2.8 ± 0.3 Gyr, a distance modulus of (m − M) o = 10.6 ± 0.1 mag and a reddening of E(B − V) = 0.80 ± 0.05 mag.
• From the analysis of the radial velocity distribution we determined an average velocity for King 1 stars of V r = -53.1±3.1 km s −1 .
• We have obtained that the metallicity of King 1 is [M/H]=+0.07±0.08 dex from the strengths of the three infrared Ca ii lines.
• By fitting the whole spectrum with synthetic spectra in both main sequence and giant stars we have determined an [α/M] =-0.10±0.08 dex with a typical uncertainty of ±0.25 dex.
• We have calculated the proper motion of the cluster from UCAC4 proper motions as µ α cos δ =-4.2±3.1 mas yr −1 and µ δ =0.6±3.2 mas yr −1 , and with the recent HSOY catalogue µ α cos δ =-3.2±2.1 mas yr −1 and µ δ =-3.9±2.0 mas yr −1 obtained for those stars assumed as King 1 members from their radial velocities in the inner 13 ′ .
• The properties derived for King 1 match the values of other open clusters with similar ages and location in the Galactic plane.
